(s,2H 24.4, 25.5, 26.7, 43.7, 46.5, 55.4, 56.1, 56.4, 71.1, 74.7, 87.2, 109.9, 112.6, 114.0, 116.0, 118.5, 120.5, 126.2, 127.3, 127.9, 128.5, 128.6, 129.2, 129.6, 133.0, 133.9, 137.2, 145.1, 147.5, 148.3, 149.9, 165.4, 170
General
Nuclear magnetic resonance [ 1 H NMR (500 MHz), 13 C NMR (125 MHz)] spectra were determined on JEOL ECA-500 and JEOL -500 instruments. Chemical shifts for 1 H NMR were reported in parts per million downfield from tetramethylsilane () as the internal standard and coupling constants are in hertz (Hz). The following abbreviations are used for spin multiplicity: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. Chemical shifts for 13 C NMR were reported in ppm relative to the centerline of a triplet at 77.0 ppm for deuteriochloroform.
High resolution mass spectra (HRMS) were obtained on a JEOL MStation 700. Fast atom bombardment (FAB) mass spectra were obtained with 3-nitrobenzylalcohol as the matrix.
Analytical thin layer chromatography (TLC) was performed on precoated analytical plates, 0.25 mm thick, silica gel 60 F 254 purchased from Merck. Preparative TLC separations were made on 7 × 20 cm plates prepared with a 0.25 mm or 0.50 mm layer of Merck silica gel 60 F 254 .
Compounds were eluted from the adsorbent with 10% methanol in chloroform.
Column chromatography separations were performed on KANTO CHEMICAL Silica Gel 60
(spherical) 40 -50 mm, Silica Gel 60 (spherical) 63 -210 mm or Silica Gel 60 N (spherical, neutral) 63 -210 mm.
Reagents and solvents were commercial grades and were used as supplied with the following exceptions:
dichloromethane, diethylether, n-hexane, tetrahydrofuran toluene: dried over molecular sieves 4A.
methanol, acetonitrile: dried over molecular sieves 3A.
All reactions sensitive to oxygen or moisture were conducted under an argon atmosphere. The organic layer was separated, and the aqueous layer was extracted with Et 2 O (100 mL) twice.
2-Methoxy-4-bromophenol
The combined organic layers were washed with brine, and then dried over anhydrous sodium sulfate. After being filtered and concentrated under reduced pressure, the crude residue was purified by short silica gel column chromatography (hexane / EtOAc, 7/1) and recrystallized with hexane and EtOAc to afford 7 (19.4 g, 41.2 mmol, 65%) as a white solid. 74.8, 112.3, 113.9, 114.0, 116.4, 116.4, 120.9, 124.8, 127.3, 127.9, 128.6, 130.8, 136.1, 136.4, 137.2, 145.0, 148.1, 149.7, 153.6 Melting Point (ºC): 61 -66 747, 1003, 1138, 1234, 1267, 1454, 1514, 1589, 2935 LRMS ( 74.8, 112.4, 113.8, 115.5, 116.6, 121.2, 125.6, 127.3, 127.9, 128.6, 128.7, 130.2, 137.1, 145.4, 148.3, 149.7, 153.6, 198.9 Melting Point (ºC): 127 -130 To a solution of arylacetoaldehyde (5.11 g, 10.8 mmol) in THF / t-BuOH / H 2 O (120 mL, 8 / 3 / 1) were added 2-methyl-2-butene (4.5 mL, 88.9 mmol) and NaH 2 PO 4 (3.90 g, 32.5 mmol).
After cooling down to 0 ℃, NaClO 2 (2.93 g, 32.4 mmol) was added portionwise (four times) to the stirred solution. The resulting mixture was maintained at this temperature and stirred 1 h.
After the reaction mixture was quenched with saturated aqueous Na 2 S 2 O 3 at 0 ºC, CH 2 Cl 2 (60 mL) and water were added after 30 min. The organic layer was separated, and the aqueous layer was extracted with CH 2 Cl 2 (60 mL) twice. The combined organic layers were washed with brine, and then dried over anhydrous sodium sulfate. After being filtered and concentrated under reduced pressure, the crude residue was purified by silica gel column chromatography (hexane / EtOAc, 1/2) to afford 8 (4.9 g, 10.1 mmol, 93%) as a white solid. 74.8, 112.5, 113.8, 115.4, 116.3, 121.2, 125.5, 127.4, 127.9, 128.6, 129.7, 130.6, 137.2, 145.3, 148.2, 149.7, 153.4, 177 25.5, 25.7, 35.2, 43.6, 46.5, 56.0, 56.1, 71.1, 73.9, 74.7, 112.4, 113.8, 115.2, 116.3, 121.1, 125.8, 127.3, 127.9, 128.4, 128.6, 129.0, 129.2, 130.1, 130.7, 134.3, 137.2, 145.4, 148.0, 149.6, 153.4, 165.9 24.4, 25.5, 25.7, 43.7, 46.5, 55.8, 56.2, 71.0, 74.1, 75.5, 112.4, 113.7, 114.4, 117.0, 121.4, 122.2, 124.0, 127.3, 127.9, 127.9, 128.4, 128.6, 129.0, 129.2, 129.5, 134.3, 137.2, 142.6, 148.3, 149.6, 153.2, 165.2, 166.1 FTIR (neat) cm -1 : 698, 733, 1038 24.4, 25.5, 25.7, 43.7, 46.5, 55.8, 56.2, 71.0, 74.1, 75.5, 112.4, 113.7, 114.4, 117.0, 121.4, 122.2, 124.0, 127.3, 127.9, 127.9, 128.4, 128.6, 129.0, 129.2, 129.5, 134.3, 137.2, 142.6, 148.3, 149.6, 153.2, 165.2, 166.1 FTIR (neat) cm -1 : 698, 733, , 1263 24.4, 25.5, 25.7, 43.7, 46.5, 55.8, 56.2, 71.0, 74.1, 75.5, 112.4, 113.7, 114.4, 117.0, 121.4, 122.2, 124.0, 127.3, 127.9, 127.9, 128.4, 128.6, 129.0, 129.2, 129.5, 134.3, 137.2, 142.6, 148.3, 149.6, 153.2, 165.2, 166.1 FTIR (neat) cm -1 : 698, 733, , 1445 24.4, 25.5, 25.7, 43.7, 46.5, 55.8, 56.2, 71.0, 74.1, 75.5, 112.4, 113.7, 114.4, 117.0, 121.4, 122.2, 124.0, 127.3, 127.9, 127.9, 128.4, 128.6, 129.0, 129.2, 129.5, 134.3, 137.2, 142.6, 148.3, 149.6, 153.2, 165.2, 166.1 FTIR (neat) cm -1 : 698, 733, , 1514 24.4, 25.5, 25.7, 43.7, 46.5, 55.8, 56.2, 71.0, 74.1, 75.5, 112.4, 113.7, 114.4, 117.0, 121.4, 122.2, 124.0, 127.3, 127.9, 127.9, 128.4, 128.6, 129.0, 129.2, 129.5, 134.3, 137.2, 142.6, 148.3, 149.6, 153.2, 165.2, 166.1 FTIR (neat) cm -1 : 698, 733, , 1587 24.4, 25.5, 25.7, 43.7, 46.5, 55.8, 56.2, 71.0, 74.1, 75.5, 112.4, 113.7, 114.4, 117.0, 121.4, 122.2, 124.0, 127.3, 127.9, 127.9, 128.4, 128.6, 129.0, 129.2, 129.5, 134.3, 137.2, 142.6, 148.3, 149.6, 153.2, 165.2, 166.1 FTIR (neat) cm -1 : 698, 733, , 1645 24.4, 25.5, 25.7, 43.7, 46.5, 55.8, 56.2, 71.0, 74.1, 75.5, 112.4, 113.7, 114.4, 117.0, 121.4, 122.2, 124.0, 127.3, 127.9, 127.9, 128.4, 128.6, 129.0, 129.2, 129.5, 134.3, 137.2, 142.6, 148.3, 149.6, 153.2, 165.2, 166.1 FTIR (neat) cm -1 : 698, 733, , 1694 24.4, 25.5, 25.7, 43.7, 46.5, 55.8, 56.2, 71.0, 74.1, 75.5, 112.4, 113.7, 114.4, 117.0, 121.4, 122.2, 124.0, 127.3, 127.9, 127.9, 128.4, 128.6, 129.0, 129.2, 129.5, 134.3, 137.2, 142.6, 148.3, 149.6, 153.2, 165.2, 166.1 FTIR (neat) cm -1 : 698, 733, , 2106 24.4, 25.5, 25.7, 43.7, 46.5, 55.8, 56.2, 71.0, 74.1, 75.5, 112.4, 113.7, 114.4, 117.0, 121.4, 122.2, 124.0, 127.3, 127.9, 127.9, 128.4, 128.6, 129.0, 129.2, 129.5, 134.3, 137.2, 142.6, 148.3, 149.6, 153.2, 165.2, 166.1 FTIR (neat) cm -1 : 698, 733, , 2940 To a solution of diazo ester 10 (1.97 g, 2.76 mmol) in CH 2 Cl 2 (30 mL) was added Rh 2 (S-DOSP) 4 (12.3 mg, 6.49 mol, 0.5 mol%) at -10 ºC, being maintained at this temperature and stirred for 2 h. The reaction mixture was concentrated under reduced pressure. The residue was purified by silica gel column chromatography (hexane / EtOAc, 3/1) to afford 11 (1.65 g, 2.40 mmol, 88%, 92% de) as a pale green amorphous solid. The diastereoselectivity of this reaction was determined by comparing the integration ratio of the 1 H NMR signals of the C2
protons of each stereoisomer (major: 6.16 ppm; minor: 6.05 ppm).
Since we failed to separate these diastereomers by column chromatography under any conditions examined, this mixture was subjected to the next reaction directly. As described below, we provide the spectroscopic data of the major isomer alone, because it was difficult to identify the whole NMR signals of the minor diastereomer other than the C2 and C3 protons, due to the considerable overlap with those of the major isomer.
Determination of the Absolute Configuration of the Products Obtained in Rh-mediated C-H insertion
The relative stereochemistry of the dihydrobenzofuran ring thus obtained was determined by respectively. Since the minor diastereomer formed in the Rh-mediated C-H insertion reaction gave two doublets at 6.05 and 4.42 ppm that are corresponding to the C2 and C3 protons, the relative stereochemistry of the minor isomer was empirically deduced to be trans. Since the absolute configuration of the major isomer of 11 was determined as (2R, 3R) by comparing the sign of the optical rotation of ()-1 after completion of the total synthesis with the reported value, those of the minor product was assigned as (2S, 3S). 14.3, 24.4, 25.5, 25.7, 43.7, 46.5, 51.7, 55.1, 56.1, 56.2, 71.0, 74.6, 87.2, 109.9, 112.6, 114.0, 115.4, 118.0, 118.7, 125.6, 127.3, 127.9, 128.6, 128.6, 129.3, 129.8, 132.8, 134.0, 137.1, 144.6, 144.8, 148.3, 149.9, 150.2, 165.3, 167.8, 170.1 [] D 20 : -52.4 (c 0.17, acetone) FTIR (neat) cm -1 : 698, 754, 853, 990, 1034, 1146, 1171, 1271 1454, 1497, 1516, 1597, 1657, 1717, 1740, 2367, 2857, 2940, 3011 LRMS ( To a solution of acrylated dihydrobenzofuran 12 (500 mg, 0.72 mmol) in acetic anhydride (30 mL) was added anhydrous ferric chloride (156 mg, 0.96 mmol) at 0 ºC. Then reaction mixture was stirred for 6 h at ambient temperature. The resulting solution was quenched with water and extracted with EtOAc (80 mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc (80 mL) twice. The combined organic layers were washed with brine, and then dried over anhydrous sodium sulfate. After being filtered and concentrated under reduced pressure, the obtained residue was purified by silica gel column chromatography (hexane / EtOAc, 2/1) to afford 13 (297 mg, 0.46 mmol, 65%) as a yellow amorphous solid. 14.3, 20.8, 24.4, 25.5, 25.7, 43.7, 46.5, 51.7, 55.3, 56.0, 56.3, 60.5, 74.7, 86.7, 110.2, 112.7, 115.5, 118.1, 123.0, 125.4, 128.6, 129.3, 129.8, 133.9, 138.9, 139.7, 144.7, 144.8, 150.2, 151.3, 165.3, 167.7, 169.0, 170.2 [] D 21 : -301 (c 0.11, acetone) FTIR (neat) cm -1 : 700, 756, 853, 991, 1036, 1148, 1198, 1275, 1370, 1449, 1497, 1607, 1653, 1717, 1734, 1763, 2363, 2857, 2940 To a solution of acetylated dihydrobenzofuran 13 (306 mg, 0.48 mmol) in dehydrated CH 2 Cl 2 (8 mL) under argon atmosphere was added DIBAL (1.02 M in hexane, 2.90 mL, 2.96 mmol) at -78 ºC. After being stirred at the same temperature for 30 minutes, the reaction mixture was quenched with saturated aqueous solution of Rochelle salt at -78 ºC, and stirred 1 h at 0 ℃.
Acrylated Dihydrobenzofuran
Then the solution was treated with EtOAc (15 mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc (15 mL) twice. The combined organic layers were washed with brine, and then dried over anhydrous sodium sulfate. After being filtered and concentrated under reduced pressure, the obtained residue was purified by silica gel column chromatography (hexane / EtOAc, 1/2) to afford 1 (106 mg, 0.29 mmol, 60%) as a colorless amorphous solid. 818, 856, 966, 1034, 1146, 1215, 1275, 1331, 1464, 1496, 1518, 1603, 1703, 2361, 2926, 3414 
